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Natural gas is poised to enter a golden age, but this future 
hinges critically on the successful development of the 

world’s vast unconventional gas resources. North American 
experience shows unconventional gas – notably shale gas – 

can be exploited economically. Many countries are lining up to 
emulate this success.

But some governments are hesitant, or even actively opposed. 
They are responding to public concerns that production might 

involve unacceptable environmental and social damage.

This report, in the World Energy Outlook series, treats these 
aspirations and anxieties with equal seriousness. It features two 
new cases: a Golden Rules Case, in which the highest practicable 
standards are adopted, gaining industry a “social licence to operate”; 
and its counterpart, in which the tide turns against unconventional 
gas as constraints prove too difficult to overcome.

The report:

  Describes the unconventional gas resource and what is involved 
in exploiting it.

  Identifies the key environmental and social risks and how they 
can be addressed.

  Suggests the Golden Rules necessary to realise the economic and 
energy security benefits while meeting public concerns.

  Spells out the implications of compliance with these rules for 
governments and industry, including on development costs.

  Assesses the impact of the two cases on global gas trade 
patterns and pricing, energy security and climate change.

For more information, and the free download of this report, 
please visit: www.worldenergyoutlook.org

WEO-2012 to be released 12 November 2012
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and more secure supply in those countries that rely on imports to meet their gas needs, as 
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The Golden Rules

Measure, disclose and engage

Watch where you drill

Isolate wells and prevent leaks
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Treat water responsibly

Be ready to think big

Ensure a consistently high level of environmental performance
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Golden Rules Case
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Chapter 1 | Addressing environmental risks 17

Chapter 1

Addressing environmental risks

Why do we need “Golden Rules”?
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Box 1.1   Unconventional gas resources

i.e.
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Figure 1.1   Drilling intensity in Johnson County, Texas
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Box 1.2   What are shales and shale gas?
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i.e.
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Figure 1.2   Typical well design and cementing
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Figure 1.3   Shale gas production techniques and possible environmental 

hazards
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i.e.

Box 1.3   Unconventional gas production and earthquake risks
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Figure 1.4   Coalbed methane production techniques and possible 

environmental hazards
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i.e.
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Table 1.1   Ranges of water use per unit of natural gas and oil produced 

(cubic metres per terajoule)

Oil

©
O
E
C
D
/I
E
A
,
2
0
1
2



32 World Energy Outlook | Special Report©
O
E
C
D
/I
E
A
,
2
0
1
2



Chapter 1 | Addressing environmental risks 33

Box 1.4
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i.e.

Box 1.5   Coalbed methane production and effects on groundwater
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Figure 1.5   The impact of changing assumptions about methane on 

comparative well-to-burner greenhouse-gas emissions of 

natural gas versus coal 
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How large are global methane emissions?
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i.e.
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Box 1.6 Getting the market setting right
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Figure 1.6 Stages in an unconventional gas development
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Figure 1.7   Impact of the Golden Rules on the cost of a single deep 

shale-gas well
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Figure 1.8   Indicators of best practice as unconventional gas 

developments grow in size 
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Figure 1.9
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Chapter 2

The Golden Rules Case and its counterpart

How might unconventional gas re-shape energy markets?

Highl ights
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1

Box 2.1   Overview of cases

Golden Rules Case
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Access to resources:
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1

WEO-2011
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Table 2.1   Remaining technically recoverable natural gas resources by 

type and region, end-2011 (tcm)

9

421 331 76 208 47

the WEO-2011 and in the Golden Age of Gas
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1
Figure 2.1 

countries, end-2011
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World Energy Model WEM

WEM
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1

Table 2.2   Indicative natural gas well-head development and production 

costs in selected regions (in year-2010 dollars per MBtu)
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Table 2.3   Natural gas price assumptions by case 

(in year-2010 dollars per MBtu)
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1
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WEO-2011, the 

i.e.
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1
Figure 2.2   World primary energy demand by fuel in the Golden Rules Case
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Table 2.4   Natural gas demand by region in the Golden Rules Case (bcm)

2010 2020 2035 2010-2035*

OECD 1 601 1 756 1 982 0.9%

United States  680  717  787 0.6%

Japan  104  130  137 1.1%

Non-OECD 1 670 2 225 3 130 2.5%

Russia  448  486  560 0.9%

1 199

China  110  323  593 7.0%

India  63  100  201 4.7%

3 271 3 982 5 112 1.8%

European Union  547  592  644 0.7%
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1

Table 2.5   World primary energy demand by fuel in the Golden Rules Case 

Share

2010 2020 2035 2010 2020 2035
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Figure 2.3 

power plants in selected regions in the Golden Rules Case, 2020

 
0

20 

40

60

80 

100 Coal ultra- 

supercri"cal 

United States China European Union

D
o

ll
a

rs
 p

e
r 

M
W

h
 (

2
0

1
0

)

Natural gas 

combined-cycle 

gas turbine 

©
O
E
C
D
/I
E
A
,
2
0
1
2



Chapter 2 | The Golden Rules Case and its counterpart 81

1
Supply

Table 2.6   Natural gas production by region in the Golden Rules Case (bcm)

2010 2020 2035
2010-

2035**Share of 

unconv*

Share of 

unconv*

Share of 

unconv*

OECD 1 183 36% 1 347 49% 1 546 60% 1.1%

Canada  160 39%  174 57%  177 67% 0.4%

Mexico  50 3%  52 12%  87 43% 2.2%

United States  609 59%  726 67%  821 71% 1.2%

Poland  6 11%  9 37%  34 90% 7.1%

Australia  49 11%  115 51%  170 65% 5.1%

Non-OECD 2 094 2% 2 635 7% 3 567 20% 2.2%

Russia  637 3%  718 4%  784 6% 0.8%

China  97 12%  246 45%  473 83% 6.6%

India  51 2%  75 21%  111 80% 3.2%

Indonesia  88 -  106 2%  153 37% 2.2%

Algeria  79 -  101 1%  135 8% 2.2%

 42 9%  53 9%  72 48% 2.1%

3 276 14% 3 982 21% 5 112 32% 1.8%

European Union  201 1%  160 7%  165 47% -0.8%
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Figure 2.4   Unconventional natural gas production by type in the Golden 

Rules Case
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1

Figure 2.5   Ten largest unconventional gas producers in the Golden Rules 

Case, 2035
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1
Box 2.2   The liquid side of the story – light tight oil
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1

Figure 2.6   Natural gas net trade by major region in the Golden Rules Case
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Investment and other economic impacts 

Figure 2.7   Cumulative investment in natural gas-supply infrastructure by 

type in the Golden Rules Case, 2012-2035 (in year-2010 dollars)
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1
How many wells? How many rigs?
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Figure 2.8   Cumulative investment in natural gas-supply infrastructure by 

major region and type in the Golden Rules Case, 2012-2035
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1

Table 2.7   World energy-related CO2 emissions in the Golden Rules Case 

(million tonnes)

2010 2020 2035 2010-2035*

30 336 34 648 36 795 0.8%

WEO
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1

Figure 2.9   Cumulative change in energy demand by fuel and sector in the 

Low Unconventional Case relative to Golden Rules Case, 

2010-2035
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Figure 2.10   Unconventional gas production by type and case
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1
Figure 2.11   Change in natural gas production by selected region in the 

Low Unconventional Case relative to the Golden Rules Case
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1
Figure 2.12   Major natural gas net importers by case 
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Investment and other economic impacts

Figure 2.13   Natural gas-import bills by selected region and case
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1

Figure 2.14   Spending on net-imports of natural gas as a share of real GDP 

at market exchange rates by case
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Figure 2.15   World power generation mix by case
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Chapter 3

Country and regional outlooks
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United States

Table 3.1   Remaining recoverable natural gas resources and production by 

type in the United States

Recoverable resources (tcm)

End-2011 Share of total 2005 2010
Share of total 

(2010)

Total 74 100% 511 609 100%
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Figure 3.1   Major unconventional natural gas resources in North America 
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Figure 3.2   Natural gas balance in the United States in the Golden Rules 

Case*
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Table 3.2   Natural gas indicators in the United States by case

Golden Rules  

Case

 

Case
Delta* 

2010 2020 2035 2020 2035 2035

 

Imports as a share of demand
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Canada
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Regulatory framework
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Figure 3.3 Natural gas balance in Canada in the Golden Rules Case*
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Table 3.3   Natural gas indicators in Canada by case

Golden Rules 

Case Case
Delta* 

2010 2020 2035 2020 2035 2035
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 Shale and 

Figure 3.4   Natural gas balance in Mexico in the Golden Rules Case*
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Table 3.4   Natural gas indicators in Mexico by case

Golden Rules 

Case

 

Case
Delta*

2010 2020 2035 2020 2035 2035

-

Imports as a share of demand
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Figure 3.5   Major unconventional natural gas resources in China

This document and any map included herein are without prejudice to the status of or sovereignty over any territory,

to the delimitation of international frontiers and boundaries and to the name of any territory, city or area.
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Figure 3.6   Natural gas balance in China in the Golden Rules Case*
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vis-à-vis

Europe
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The European regulatory framework
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Figure 3.8   Impact of different resource assessments on projected shale 

gas production in Poland
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France
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Table 3.6   Natural gas indicators in the European Union by case

Golden Rules 

Case Case
Delta*

2010 2020 2035 2020 2035 2035

77 77

-

Imports as a share of demand

 

Figure 3.9   Natural gas balance in the European Union in the Golden Rules 

Case*
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Australia
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Figure 3.10 Major unconventional natural gas resources in Australia
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Regulatory framework
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Figure 3.11 Natural gas balance in Australia in the Golden Rules Case*
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Annex A

Units and conversion factors

Units

Emissions ppm

2-eq  

2-eq

2/kWh

Energy

MJ 6

GJ 9

TJ

kWh

MWh

GWh

TWh

Gas

Mass kg

3

6

9
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Monetary $ million  6

9

Oil

Power W

kW 3

MW 6

GW 9

TW

General conversion factors for energy

Convert to: bcm bcf Mt LNG TJ GWh MBtu Mtoe

From:

bcm 4 3

bcf -2 -2 3 2 6 -2

Mt LNG

TJ -5 -4 -5 -5

GWh -5 -3 -5 -5

MBtu -3 -4

Mtoe 4

Notes
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